Introduction: Cytotoxin associated gene (Cag) A+ Helicobacter pylori (HP) is the most virulent HP strain, and its association with endothelial dysfunction remains unclear. Thus we investigated the effects of CagA+ HP on endothelial dependent dilatation and its relationship with C-reactive protein (CRP) in normotensive subjects. Patients and Methods: Sixty individuals with CagA+ HP infection were compared with 40 individuals with CagA(-) HP infection and 50 individuals with no infection in terms of flow-mediated dilatation (FMD), nonendothelium-dependent dilatation (NED) and CRP. Results: In the CagA+ subjects the mean percentage of FMD was 6.3±2.7, which was significantly lower than that of the CagA-subjects (9.8±3.3, p<0.01) and the uninfected controls (10.1±2.6, p<0.01). The mean level of CRP in the CagA+ subjects was 3.9 mg/dL (range 0.1-9.8), which was significantly higher than that of the CagA-subjects (2.3 mg/dL, range 0.1-5.4, p=0.01) and the uninfected controls (1.9 mg/dL, range 0.1-5.3, p<0.01). In the CagA+ group CRP levels were inversely correlated with FMD (r=0.318, p=0.013), however not with non-endotheliumdependent dilatation (NED) (r=0.216, p=0.097). Conclusion: Attenuated FMD and low-grade inflammation were associated with CagA+ infection, however not with CagA(-) infection. Key Words: Cytotoxine associated gene A protein; Helicobacter pylori; flow-mediated dilatation Giriş: Sitotoksin ilişkili A genli Helicobacter pylori (SİAGHP), en çok virülansı olan H. pylori tipidir ve halen endotelyal disfonksiyon ile ilişkisi belirsizdir. Bu nedenle biz SİAGHP'nin endotelyal bağımlı dilatasyon üzerine etkilerini ve C-reaktif protein (CRP) düzeyleri ile ilişkisini normotansif bireylerde araştırdık. Hastalar ve Yöntem: SİAGHP enfeksiyonu olan 60 kişi, sitotoksin ilişkili A geni negatif H. pylori (SAİGNHP) enfeksiyonlu 40 kişi ve enfeksiyonu olmayan 50 kişi ile akım aracılı dilatasyon (AAD), endotele bağımlı olmayan dilatasyon (EBOD) ve CRP düzeyleri yönünden karşılaştırıldı. Bulgular: SİAGHP'li bireylerde ortalama AAD'nin yüzdesi (6,3±2,7) SİAGNHP olanlardan (9,8±3,3, p<0,01) ve enfekte olmayan kontrol grubundan (10,1±2,6, p<0,01) belirgin olarak düşüktü. CRP'nin ortalama düzeyleri SİAGHP'li bireylerde 3,9 mg/dL (0,1-9,8 aralığında), SİAGNHP olanlardan (2,3 mg/dL, 0,1-5,4 aralığında, p=0,01) ve enfekte olmayan kontrol grubundan (1,9 mg/dL, 0,1-5,3 aralığında, p<0,01) daha yüksek idi. SİAGHP'li bireylerde CRP düzeyleri AAD ile ters korelasyon gösterdi (r=0,318, p=0,013), fakat EBOD ile bu korelasyon görülmedi. Sonuç: Azalmış AAD ve düşük düzeyde inflamasyon SİAGHP enfeksiyonu ile ilişkilidir, ancak SİAGNHP ile ilişkili değildir. Anahtar Kelimeler: Sitotoksin ilişkili gen A protein; Helicobacter pylori; akım aracılı dilatasyon ABSTRACT ÖZET
INTRODUCTION
Numerous studies have shown that elevated C-reactive protein (CRP) levels are a marker of systemic inflammation and are associated with atherosclerosis (1) . Interleukin-6 (IL-6), mainly produced by activated monocytes, stimulates CRP synthesis in the liver (2) . Many observational studies have suggested the possibility that some infectious agents such as Helicobacter pylori (HP), Chlamydia pneumoniae, and Cytomegalovirus interact with the endothelium and provoke inflammation and atherosclerosis (3) (4) (5) .
Approximately 50% of the world's population has been estimated to be infected by HP, a gram-negative spiral bacterium associated with high rates of gastric lymphoma, gastric cancer, and gastric ulcer (6) . Cytotoxine associated gene seropositive (CagA+) HP may influence plaque formation and they are the most virulent HP strain (7) . It is reportedly much more prevalent in patients with cerebral ischemia than CagA-strains (8) . There are also several reports supporting an association between CagA+ HP infection and coronary atherosclerosis, (9, 10) although this relationship has not been thoroughly investigated.
Endothelial dysfunction is widely regarded as the first step in the progression of atherosclerosis (11) . Hypertension, smoking, dyslipidemia, and diabetes mellitus are major risk factors for atherosclerosis and mainly provoke endothelial dysfunction. Hence, we particularly aimed to determine whether there is an association between CagA+ HP infection and endothelial dysfunction in subjects without hypertension or dyslipidemia, who did not smoke or have diabetes mellitus.
PATIENTS and METHODS

Subjects
A total of 100 patients with gastric ulcer due to HP infection and 50 healthy uninfected subjects who had no gastric ulcer were enrolled from the gastroenterology clinics involved in this study. Sixty of the infected subjects had CagA+ HP, 34 males and 26 females, with a mean age of 48±10 years. Forty of them had CagA-HP, 23 males and 17 females, with a mean age of 50±11 years. The control group was comprised of 28 male and 22 female uninfected subjects, with a mean age of 49±9 years. We measured their height, weight, systolic and diastolic blood pressure (BP), and calculated their body mass index (BMI) as kg/m 2 . Fasting glucose, highdensity lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), triglyceride (TG), creatinine, hemoglobin, erythrocyte mean corpuscular volume (EMCV), CRP, and fibrinogen values were measured as routine laboratory analyses. Serum levels of CRP were measured by a standard nephelometry method (Cobas 311, Roche Diagnostics, Mannheim, Germany) with a sensitivity of 0.1 mg/L. A commercially available enzyme linked immunosorbent assay kit (DIA.PRO Diagnostic, Bioprobes S.r.l, Milan, Italy) was used to determine serum immunoglobulin (IgG) antibodies against CagA antigen. CagA antibody titers ≥8 U/mL were deemed seropositive, in accordance with the manufacturer's instructions. All study participants underwent endoscopy (Olympus Evis Exera 160 videoendoscopes, Olympus America Inc., Melville, NY, USA). After six biopsies were collected from each patient's stomach-two from the antrum, two from the angularis incisura and two at the corpus greater curvature blind histological assessment was performed by a pathologist using a modified Gram staining protocol. Written informed consent for participation was obtained from all patients before the study, and it was approved by the relevant ethics committee.
Evaluation of Endothelial Function of the Brachial Artery
A grey scale high-resolution color Doppler ultrasound (Esaote MyLab 50, Florence, Italy) equipped with an 11 MHz linear transducer and a functional electrocardiogram mode was used to measure brachial artery baseline and postdilatation diameter. The changes in arterial diameter in response to flow and to sublingual nitroglycerin spray (400 μg) were deemed to be flow-mediated dilatation (FMD) and non-endothelium dependent dilatation (NED) respectively. Brachial artery FMD and NED were obtained with an optimal resolution of the vessel layers as previously described (12) . NED vasodilatation studies were performed after FMD measurements with a resting period of 15 minutes. With a comfortable extended right arm position and simultaneous ECG recordings to obtain optimal resting longitudinal brachial artery B-mode, a linear transducer was placed immediately above the antecubital fossa and oriented perpendicular to the vessel wall. The average of three consecutive diastolic arterial diameter measurements of the frozen m-line image were deemed to be the baseline diameter, and a pneumatic cuff was inflated to 50 mmHg above each patient's resting systolic BP for 5 minutes and then the cuff was rapidly deflated. The average of three frozen m-line images at 60, 90, and 120 seconds after deflation was calculated and recorded as the postdilatation diameter. The difference between the baseline and postdilatation diameters (∆) was divided by the baseline diameter and the percentage of FMD was obtained. The visit-to-visit coefficient of variation was 3.1% for ∆ diastolic diameter of the brachial artery, as determined by reexamining 20 participants 10 days after their initial examination.
Statistical Analysis
PASW Statistics 18 for Windows (SPSS Inc., Chicago, IL, USA) was used to perform all statistical analyses. The Shapiro-Wilkins normality test was used to check the distributions of continuous variables. One-way ANOVA was used when the data were normally distributed, and KruskallWallis tests were used to analyze abnormally distributed data. p<0.05 was considered significant. The data for continuous variables are presented as mean±standard deviation (SD) for the parametric data, or median, minimum, and maximum (min-max) for the nonparametric data. Either Pearson's correlation test or Spearmans's rank correlation test was used to assess the relationships between FMD and NED and the other parametric or non-parametric variables including age, BMI, systolic and diastolic BP, fasting glucose, lipids, EMCV, fibrinogen and CRP.
RESULTS
The groups did not differ significantly with regard to age, gender, BMI, systolic or diastolic BP, fasting glucose, HDL-C, LDL-C, TG, creatinine, hemoglobin, EMCV, or fibrinogen (all p values >0.05). There were significant differences in CRP levels among the three groups. The levels of CRP were significantly elevated in patients with HP as compared to controls (p<0.01), and were highest in the CagA+ group. In addition, there was a significant difference between the CagA-group and the control group (p=0.04) ( Table 1) .
While baseline diameter of the brachial artery and its response to nitroglycerin did not differ significantly among the three groups, comparisons of their percentage FMD values showed significant differences between the CagA+ group (6.3±2.7) and the CagAgroup (9.8±3.3) (p<0.01) and between the CagA+ group and the control group (10.1±2.6) (p<0.01), but the CagA-group did not differ significantly from the control group in this respect ( Table 2) .
Neither the FMD nor the NED were significantly correlated with age, BMI, systolic or diastolic BP, fasting glucose, serum lipids, hemoglobin, EMCV, or fibrinogen. Serum CRP levels were significantly inversely correlated with FMD (r=0.318, p=0.013) but not with NED (r=0.216, p=0.097) in the CagA+ group (Figures 1,2) . No significant correlation was evident between CRP and FMD in the CagA-group or the control group. In addition, there was no significant correlation between CRP and fibrinogen levels in any of the groups (Table 3) .
DISCUSSION
No study thus far has documented whether CagA+ HP strains have a greater effect on endothelial function than CagA-HP strains. In this study, we detected higher levels of serum CRP and attenuated FMD in normotensive subjects who were seropositive for CagA+ HP than in CagA-HP infected subjects and healthy subjects. Notably, we eliminated effects arising from diabetes mellitus, dyslipidemia, or smoking by excluding any subjects with those conditions from the study. Neither NED, that reflects vascular smooth muscle function, nor fibrinogen levels differed significantly among the three groups. In additon, there was no relationship between NED and CRP levels. Our findings support the suggestion that low-grade chronic inlammation is associated with endothelial dysfunction and suggest that CagA+ seropositive HP infected patients may be at higher risk of cardiovascular disease. The evaluation of FMD, an index of vasomotor function, is a noninvasive and reliable method to detect endothelial dysfunction by measuring brachial artery diameter changes in response to hyperemia. There is a close relationship between endothelial dysfunction in the forearm and coronary endothelial dysfunction (13) .
It is well known that low-grade persistent increased CRP levels reflect a chronic inflammatory state, and are associated with endothelial dysfunction and atherosclerosis (1, 14, 15) .
Our study suggests that the CagA antigen is associated with elevated CRP levels, and chronic infection with CagA+ HP strains may directly or indirectly provoke a continuing systemic and vascular inflammatory response and endothelial dysfunction. However, further studies are required to explain the relationship between CagA antigen and cytokine release by monocytes.
Some studies have shown that atherosclerosis is associated with HP infection, (16, 17) and there are several studies showing a relationship between CagA+ HP strains and atherosclerosis, which is increasingly recognized as an inflammatory disease (18, 19) . The associations between HP infection and endothelial dysfunction and systemic inflammation in healthy subjects were reported by Oshima et al. (20) but they did not investigate the influence of CagA+ HP strains on endothelial function. Although the exact mechanism of augmented atherosclerosis in CagA+ HP infected individuals is not well understood, some studies have shown the presence of molecular mimicry between the HP CagA antigen and vascular wall antigens in atherosclerotic plaques; it was suggested in those reports that autoimmune mechanisms may explain the relationship between HP and atherosclerosis (2, 19) . In addition, a study involving bovine aortic endothelial cells showed that CagA antigen induces endothelial injury, and reduces endothelial nitric oxide, which plays a key role in vasodilatory responses (21) . It is well known that cardiovascular risk factors such as hypertension, diabetes, smoking, and dyslipidemia alter endothelium-dependent vasodilatation (22) (23) (24) . Some authors have postulated that HP infection augments atherosclerosis by modyfying and increasing serum lipids (7, 25 ). We particularly excluded hypertension, diabetes, smoking, and dyslipidemia from the study to better determine the effects of CagA+ HP on endothelial function.
One limitation of this study was its sample size. Secondly, HP may contribute to the malabsorption of folate, vitamin B6, and vitamin B12, and it may lead to hyperhomocysteinemia (26) , which may alter endothelial function (27) . However, there are some inconsistent reports in this respect; Yoshino et al. (28) has claimed that HP infection is not associated with hyperhomocysteinemia. We did not measure serum homocysteine levels, but EMCV levels were similar in all groups, which may predominantly reflect normal vitamin B12 levels and, in part at least, homocysteine levels.
In conclusion, we showed a relationship between lowgrade chronic inflammation and infection with CagA+ HP, in conjunction with attenuated endothelial function, in normotensive subjects without diabetes or dyslipidemia, that did not smoke. Because low-grade systemic persistent inflammation induced by CagA+ HP infection is amenable to treatment, it might warrant consideration in the context of decelerating the progression of atherosclerosis in clinical practice. However, larger clinical studies are needed to explain the pathophysiologic associations between CagA antigen and increased low grade inflammation.
